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CROPS
AYDBUI HAPY AHIBUIBIK JAKBIJITAPBIHAH SHJAOI'EHAI OCY PETTEYIIIIH BOJIIII
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ANNOTATION

This article explores the use of biological products with growth-stimulating and
immunomodulatory effects in agricultural practice, focusing on the production and influence of
growth regulators on grain crops, specifically the high-grade winter wheat variety Steklovidnaya-24
from KazNIIZiR. The study aims to develop an endogenous growth regulator and assess its impact on
grain crops. Phytohormones, as endogenous growth regulators, play a crucial role in plant growth and
development, controlling various physiological and morphogenetic programs. The research involves
obtaining growth regulators from cereal crops, with a particular focus on the cytokinin N6-
benzylaminopurine (6-BAP). The experiments, conducted under hydroponic conditions, reveal the
positive influence of growth regulators on seed germination and biometric indicators, such as
increased linear dimensions and root system volume. The results demonstrate that the 1% concentrated
solution of wheat extract with 6-BAP exhibited the highest germination rate, showcasing its potential
as an effective growth regulator for winter wheat seeds. Overall, the study emphasizes the importance
of natural growth regulators for sustainable agricultural practices and highlights the specific impact of
cytokinins on seed germination and plant growth.

Key words: Phytohormone, 6-BAP, auxin, gibberellin, cytokinin, ethylene, photosynthesis.

Introduction. In recent years, considerable attention has been devoted to the development of
plant protection techniques in agriculture, emphasizing the utilization of biological products with
growth-stimulating and immunomodulatory effects. A diverse range of bioregulators has been
formulated for major crops, reflecting the ongoing efforts to enhance agricultural practices.

The modification of proteins through ubiquitination is crucial for both human health and the
regulation of plant growth, development, and their responses to different environmental stresses [1-5].
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Ubiquitin-mediated protein stability significantly influences plant growth and development. The
ubiquitin-proteasome system (UPS) functions in both the cytoplasm and nucleus, controlling protein
levels and removing misfolded or damaged proteins that may accumulate due to abiotic stress [6]. The
necessity for employing immunomodulators in agricultural crops stems from their inherent challenges,
including uneven seed germination, an extended period from sowing to emergence, and slow initial
growth during the growing season. Such vulnerabilities make these plants more susceptible to pest
damage and diseases. It has been established that pre-sowing treatment of medicinal crop seeds with
growth regulators stimulates both germination energy and the overall germination process.

Growth regulators play a pivotal role in the cultivation of various crops. While artificially
synthesized growth regulators like auxin, gibberin, and cytokinin exhibit similar effects, the pursuit of
natural growth regulators remains crucial for obtaining organic stimulants without adverse
environmental effects. Therefore, research focused on acquiring natural regulators holds contemporary
relevance. Auxin, mainly in the form of indole-3-acetic acid (IAA), is a crucial phytohormone that
governs plant growth and development. IAA influences plant morphogenesis, organ development,
aptitude response, and tissue differentiation throughout a plant's growth cycle. In fruit tree cultivation,
IAA promotes cutting rooting, enhances stress tolerance, and regulates secondary metabolism in fruits
[7-11].

Endogenous growth regulators, synthesized by the plant itself, include well-known
phytohormones. These chemical substances regulate various aspects of plant growth and development
at low concentrations, interacting with receptors on the cell surface, leading to changes in cellular
processes. Phytohormones serve as the primary factors for regulation and control in plants, influencing
entire physiological and morphogenetic programs.

Phytohormones activate key ontogenetic programs, particularly in seed germination, marked by
the exit from dormancy and rapid accumulation of vegetative mass [13]. Water absorption, triggered
by physical and osmotic processes, initiates germination, progressing through phases like seed
swelling, pecking, heterotrophic growth of seedlings, and the transition to an autotrophic mode of
nutrition [14-16].

Researchers acknowledge hormones as pivotal factors in seed germination, emphasizing their
concentration-specific effects. Notably, the plant growth hormone N6-benzylaminopurine (6-BAP),
related to cytokinin, plays a significant role in seed germination and development. This work aims to
study the influence of growth regulators on grain crop growth, involving tasks such as obtaining an
endogenous growth regulator from cereal crops and examining their impact on overall growth [17-19].

During seed germination, phytohormones enter the cotyledons from the axial parts of the
embryo and influence the development of the activity of enzymes involved in the breakdown of
reserve substances. The resulting decomposition products enter the axial parts of the embryo and
ensure their growth. Isolated pumpkin cotyledons are highly sensitive to exogenous phytohormones,
since after isolation they rapidly deplete the supply of endogenous hormones. In the works of
M.K. Gilmanov showed that exogenous cytokinin significantly activates the growth of cotyledons. In
this case, the influence of cytokinin extends to all aspects of the formation of intracellular structures
and the metabolism of cotyledons [20-21].

In accordance with the activation of the growth of cotyledons and the processes of intracellular
differentiation associated with their transformation into a green leaf, cytokinins trigger in the
cotyledons the synthesis of a variety of enzymes necessary for the deployment of these physiological
programs.

The purpose of this work is to study the influence of growth regulators on the growth of grain
crops. To achieve this goal, the following tasks were set:

- Obtain an endogenous growth regulator from cereal crops;

- To study the impact of regulators on the growth of grain crops.

Material and methods. Growth regulators were obtained from the highest grade of grain seeds
of agricultural crops. The object of the study was grain agricultural crops of KAZNIIZiR winter wheat
of the highest grade Arai Steklovidnaya-24. The experiments were carried out in the laboratory under
hydroponic conditions. Previously, the seeds were sterilized with sodium hypochlorite (NaOCI) 2%
for 10 minutes, washed to pH = 7. For the appearance of endogenous growth regulators, the seeds
were immersed in a solution containing 1% 6-benzylaminopurine (Sigma Aldrich, Germany). Seeds
without 6-BAP were used as a control sample.
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Hydroponics conditions were created for the germination of grain crop seeds. Plant seedlings
were grown in a hydropol installation at a temperature of 24+20 C, humidity 60 and 16 hours of light
per day at 1500 lux.

The experiment was carried out as follows:

Seed sterilization — Germination — Separation of seedlings from the embryo —
Homogenization — Centrifugation — Separation of the supernatant — Obtaining a growth regulator.

Solutions of 0.5%, 1%, 2% and 100% concentration were prepared from two samples.

For each sample, 5 Petri dishes were prepared. 20 Root of premium wheat seeds Arai
Steklovidnaya-24 were poured inside.

The first day was watered with distilled water, 20 ml for each Petri dish.

On the second day, the wheat began to sprout (stem and root).

On the third day, the prepared solutions with two samples were poured:

1.Wheat extract

2. Wheat extract treated with 6-BAP.

Growth regulators obtained from extracts from grain plants were studied for the germination of
winter wheat grain seeds.

Research results and their discussion. Seed germination was assessed visually by counting
seedlings (Table 1). Results are presented as percentages. Biometric features were studied by
measuring plants.

Table 1 shows the effect of plant extracts obtained from grain agricultural crops on the
germination of winter wheat seeds. 4 samples of different concentrations of wheat extract and a
control sample in water were studied. On the first day of planting, they watered it with 20 ml of
distilled water; on the second day they did not water it because there was enough moisture in the Petri
dish. On the second day, shoots appeared in the seeds, the root size was 0.9 £ 1 cm and the stem length
was 3 = 4 mm. On the third day, they watered with a concentrated solution of 20 ml.

After watering with a concentrated solution, growth regulators showed the following results
after 1 day:

Sample No. 1 - (control sample) - stem of seedlings 0.3 cm, root -1.1 cm;

Sample No. 2 - (0.5% concentrated solution) - stem - 0.5 cm, root - 1.3 cm;

Sample No. 3 - (1% concentrated solution) stem - 0.3 ¢cm, root - 0.6 cm;

Sample No. 4 - (2% concentrated solution) stem - 0.6 cm, root - 1.3 cm

On the sixth day, all samples were watered again. It was found that in sample No. 1 the stem is
8.5 cm, the root is 5.7 cm; Sample No. 2 stem — 7 cm, root — 2.7 cm; Sample No. 3 stem — 7.2 cm, root
— 4 cm, Sample No. 4 stem — 4 c¢m, root — 3.3

On the ninth day, all samples were watered again with 10 ml. The following results were
obtained: sample No. 1 stem — 17.8 cm, root — 14 ¢cm; Sample No. 2 stem — 17 cm, root — 8 cm;
Sample No. 3 stem — 13.5 cm, root — 5.5 cm; Sample No. 4 stem — 9.1 cm, root — 4.5 cm.

It has been shown that sample No. 1 has the highest germination rate.

20

18 4 - 1 sample
@ 2 sample
16
= 14 4 A 3 sample
5 124
% 10
£ w 4 sample
& g ™
5 ? ]
6
4 v
2
04 |
T T T T 1
0 2 4 6 8 10

amount of days

Figure 1 — Changing stem growth using a growth regulator without 6-BAP

34



Ge

ISSN 2305-9397. FbuibiM )oHe 6is1iM. 2024. N° 2-2 (75)

Table 1 — Study of the effect on the germination of winter wheat Steklovidnaya-24 using wheat extract

Sample No. 1 - Control on water Concen;rg(t)(e)/c(i) extract Sample No. 2 -0.5% solution Sample No. 3 - 1% solution Sample No. 4 - 2% solution
Sprout
Ne . . . size . Sprout size Sprout
date W?]te” sPr(Lu;ni'éieesnd date W";te” and date watering ar?grouu;nstlifiee s date watering and date Vr\i/ﬁte size and
g q g quantit q quantities 9 quantities
ies
Number of seeds - 20 pieces
Sprouts-
Day Sprouts-11pcs | 444 Sféo;:: ) Sféo':’g: 18.10 1836%35
1 18.10.23 | 20 mi Stem-0,3 cm 23 - - 18.10.23 20 ml Stem-0.5 cm 18.10.23 | 20 ml Stem- 23 20 ml 0.6 cm
Root-1,1 cm 0,3cm
Root-1,3 cm Root-0 6 cm Root
' -1,3cm
Sprouts — Sprouts —
Da Sprouts-20 pcs SFZ)BOUESS* 20 pcs 23.10 20 pcs
6 y 23.10.23 | 20 ml Stem-8,5cm 23.10.23 20 mi St p7 23.10.23 20 mi Stem- 2'3 " 20ml | Stem-4 cm
Root-5,7 cm em-7 cm 7,2cm Root-
Root-2,7cm Root-4 cm 3,3cm
Sprouts-
Sprouts-
Da Sprouts-20 pcs Szp(;ouctss- 26.10 20pcs | 5619 é?e%;s
Y | 261023 | 10ml Stem-17,8 cm 26.10.2023 10 ml P e 10 ml Stem- s | 10ml
9 Stem-17 cm 2023 2023 9,1cm
Root-14 cm 13,5¢cm
Root-8 cm ROOL5.5 cm Root-
' 4,5cm
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Table 2 — Study of the effect on the germination of winter wheat Steklovidnaya-24 using wheat extract treated with 6-BAP
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Sampleol:llc;.valltérCOntrol Concentrated extract 100% 0.5% solution 1% solution 2% solution
. Sprout Sprout Sprout
Ne date V\{ater size apql date wateri | size a_n_d date wateri S?gg‘;fj date wateri Siszp;gl:ltj date vx{ater size a_n_d
ing quaegtltl ng quar;tltle ng quantities ng quantities ing quarsltltle
Sprouts- : Sprouts- Sprouts- Sprouts-
Nothing 9 pcs
8 pcs appeare 14 pcs 12 pcs 20 Stem-
Day | 18.10. 20 Stem- 18.10.23 20 ml- d 18.10. ml- Stem 18.10. | 20 ml- Stem- 18.10. ml- 07cm
1 23 ml 0,3cm T H,O . 23 0 -0,5 mm 23 H>0O 0,7cm 23 !
Root- nothing Root-0,7 Root — H0 | Root-
0,9cm grew cm 1,7cm 1,4cm
Sprouts- Sprouts- Sprouts- Sprouts-
20 pcs 20 pcs 20 pcs 20 pcs
Day | 23.10. 20 Stem- 23.10. Stem-8 23.10. Stem- 23.10. 20 Stem-
6 | 23 | m | 85em | 231028 | - 23 | Mo 23 | 20M ) yi6em | 23 | ml | 7.6cm
Root- Root- 4 Root- Root- 6
3,8cm cm 6,5cm cm
Sprouts- Sprouts- Sprouts- Sprouts-
20 pcs 20 pcs 20 pcs 20 pcs
Day | 26.10. 10 Stem- 26.10. 10ml Stem- 26.10. 10ml Stem- 26.10. 10 Stem-
9 23 nll 13,5cm 23 8,5¢cm 23 18,5 cm 23 mi 15,3 cm
Root- Root-5,3 Root — Root-
55cm cm 9,3¢cm 55cm
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The influence of extracts on the germination of winter wheat seeds 0.5% concentrated wheat
extract on the second day the percentage was 55%, on the third day 80% and on the fourth day 100%.
1% concentrated wheat extract germination percentage on the second day is 35%, on the third day
65% and on the fourth day 100%. 2% concentrated wheat extract percentage on the second day is 85%
and the third day is 100%. At 100% conc. There was no germination in the solution.

In table No. 2, the germination effect of extracts obtained from grain agricultural crops and the
germination of winter wheat seeds. For research, we took 4 samples of different concentrations of
wheat extract with the addition of 6-BAP and a control. The first day of planting was watered with
20 ml of distilled water; on the second day it was not watered because there was sufficient moisture in
the Petri dishes. Shoots appeared in the seeds, the root size was 0.9 £ 1 cm and the stem length was
3 £ 4 mm. The third day they watered the first time with a concentrated solution. After watering with a
concentrated solution, growth regulators showed the following results after 1 day:

Sample No. 1 - (control variant) stem — 0.3 cm, root — 0.9 cm;

Sample No. 2 - 0.5% (concentrated solution) stem — 0.5 cm, root — 0.7 ¢cm;

Sample No. 3 - 1% (concentrated solution) stem — 0.7 cm, root — 1.7 cm;

Sample No. 4 - 2% (concentrated solution) stem — 0.7 ¢cm, root — 1.4 cm, grew more.

On the sixth day, all samples were watered again. It was revealed that in Sample No. 1 the stem
is 8.5 cm, the root is 3.8 cm; Sample No. 2 stem — 8 cm, root — 4 cm; Sample No. 3 stem — 11.6 cm,
root — 6.5 cm; Sample No. 2 stem — 7.6 cm, root — 6 cm.

On the ninth day, all samples were watered again with 10 ml. The following results were
obtained: sample No. 1 stem -13.5 cm, root -5.5 cm; Sample No. 2 stem — 8.5 ¢cm, root — 5.3 cm;
Sample No. 3 stem — 18.5 cm, root — 9.3 cm; Sample No. 4 stem — 15.3 cm, root — 5.5 cm.

According to the results, the highest growth of stem and root was shown by a 1% concentrated
solution of wheat extract with 6-BAP.

Table 3 — Percentage germination rate of winter wheat seeds

Amount of Control. % 0.5% conc. 1% conc. 2% conc. 100%
Ne q L solution, % solution, % solution, % solution, %
ays germination S S L L
germination | germination germination germination
1 11 day 40 % 70 % 60 % 45% 0%
2 111 day 50 % 100 % 100 % 100% 0%
3 IV day 100% 0%

The effect of extracts on the germination of winter wheat seeds was 0.5% concentrated wheat
extract with 6-BAP. On the second day the percentage was 40%, on the third day 50% and on the
fourth day 100%. 1% concentrated wheat extract germination percentage on the second day is 70%, on
the third day 100%. 2% concentrated wheat extract percentage on the second day is 45% and the third
day is 100%. There was no germination in the 100% concentrated solution.

Conclusion. Cytokinin (6-BAP) increases the activity of endopeptidase in cotyledons, which is
involved in the hydrolysis of proteins, alkaline and acid pyrophosphatases, which destroy
pyrophosphate formed during the synthesis of various biopolymers, and thereby contribute to the
occurrence of these syntheses. Cytokinin activates the malik enzyme, which is involved in the
metabolism of organic acids, and ribulosebisphosphate carboxylase, a key enzyme in photosynthesis.
Enzymes, according to the degree of their activation by cytokinin, can be divided into two groups:
one, in its response to the phytohormone, correlates with the growth of cotyledons, the other - with the
accumulation of chlorophyll in them. Enzymes of the first group are more closely related to the growth
program, the second - with the biochemical differentiation of chloroplasts. Cytokinin stimulates
protein synthesis in cells, acting at different levels of this process. The hormone activates RNA
synthesis, increases the number of ribosomes in the cell, and increases their activity in protein
synthesis.

In our work, we obtained an endogenous growth regulator from agricultural crops of the highest
grade winter wheat, Arai Steklovidnaya-24. From the results obtained it follows that under the
influence of 6-BAP the protein-enzyme composition is catalyzed and the biosynthesis of plant growth
regulators occurs.
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As a result of the study on germination and the influence of regulators on seed growth, the
highest result was shown by wheat extract with 6-BAP.

The data presented in tables 1, 2 allow us to judge the positive impact of the studied plant
growth regulators on seed germination and biometric indicators: the linear dimensions of plants and
the volume of the root system increase. Shoots from seeds treated with Rostock and Epin-extra
appeared earlier than the control by 7 -10 days, Kemiro-Hydro — for 4 days. The best percentage of
seed germination was found when treated with Rostock 99.26% compared to the control 75.7%.

Funding information. This research is funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP19676355)
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TYUTH

byn makamama acTeIK JaKbUIAapbiHa, aTan aTkanma, CteknoBuaHas-24 KasHUN3uP xorapsl
COPTTHI KY3IiK Oujaii cOpThiHA ©Cy perTeripcsepiHiH eH/IpiCi MEH dcepiHe epeKIle Haszap ayjuapa
OTBIPBIN, aybUI IIAPYAIIbUIBIFBl TKIPUOCCIH/IE BIHTANAHIBIPYIIBI JKOHE HMMYHOMOTYJISIUSIIBIK
acepiiepi Oap OMOJOTHSUIBIK OHIMICPAI KOJJaHY TaJIKbUIAHAJbl. 3EPTTEYAIH MaKCaThl — SHIOTCHIIK
eCy PETTETINIH acay >KOHEe OHBIH JIOHJI JlaKplapra acepid Oaranmay. OUTOropMoHIAp SHAOTEHIIIK
ecy perreripcsepi peTiHiae OCIMAIKTEPIiH ©oCyl MEH AaMyblHIa MaHbI3Ibl POJ aTKapajlbl, dpTYpIi
(U3HONIOTHSIIBIK, JKOHE MOP(OreHETUKAIBIK OaraapiaManapasl Oakbuiaiapl. 3epTTEyIiH MaKcaThl -
nutokuHuH N6-OeH3mnamunonypunre (6-BAIl) epekie Hazap aymapa OTBIPBIN, JSHAI JaKbUIIapIaH
ecy perreripcsepin anmy. ['MaponoHUKANIBIK KaFaaiia sKypriziireH Taxipuodenep ecy perreripcsepiin
TYKBIMHBIH OHYIHE OHE TaMbIp JKYHECIHIH CHI3BIKTBIK OJIIeM/epi MEH KOJIEMIHIH YJIFarobl CHUSKTHI
OMOMETPUSUIBIK KOpCceTKipcsepre oH acepiH kepcerTi. HaTmxkenep 6unail chIFbIHIBICBIHBIH 6-BAIT Oap
1% KOHILIEHTpPJI epITIHAICI Ky3miK Ougald TYKBIMAAPBIHBIH THIMII ©Cy peTTerili peTiHaeri
MOTEHIINAJIBIH KOPCETE OTBIPHII, €H JKOFaphl OHY JKbUIIAMIIBIFBIH KopceTTi. JKamnmbl, 3epTTey TYPaKThI
aybUIIIAPYAIIBIIBIK TKIpHOeIepl YIIH TaOUFH ©Cy PEeTTEripcsepiHiH MaHBI3IBLIBIFBIH KOpPCeTeIi
JKOHE ITUTOKMHUHACPAIH TYKBIMHBIH OHY1 MEH OCIMIIKTEPIiH 6CyiHe epeKIne dcepiH KopceTei.

PE3IOME

B naHHOIl cTaThe paccmoOTPEHO HCIONb30BaHUE OHONPENapaToB CO CTUMYJIUPYIOIIUM U
NMMYHOMOIYIHUPYIOIINM JEHCTBHEM B CEIbCKOXO03AHCTBEHHON PAKTUKE, YAEIEHO 0c000e BHUMAaHHUE
IIPOU3BOCTBY M BIMSHHUIO PETYJISATOPOB POCTA HA 3€PHOBBIE KYJIBTYPHI, B YACTHOCTH Ha COPT O3UMOMH
MMIIEHUIBI  BBICOKOTO copta CreknoBumHas-24 KasHUMW3uP. llenpio wncciaemoBaHUsS —SBISCTCS
pa3paboTKa SHIOIEHHOIO PEryisiaTopa pOocTa M OLEHKA €ro BIIMSHUS Ha 3€PHOBBIC KYJIBTYDBIL.
@DUTOrOPMOHBI KaK 3HIOICHHBIE PEryJIATOPBl POCTa MIPAIOT BaXKHEHIIYIO0 POJIb B POCTE U Pa3BUTHU
pacTeHui, KOHTPOJIUPYs pa3indHble (u3noaorudeckue nu MopdoreHeTnyeckue nporpammsl. Llenbro
HCCIICIOBAHNS SBJISIETCA IIOJYUEHUE PEryISTOPOB POCTA U3 3€PHOBBIX KYJIBTYP C OCOOBIM aKLEHTOM
Ha TWMTOKMHUH NO6-OeH3mnamuHonypuH (6-BAIIl). DkcnepuMeHTHI, NPOBEICHHBIE B YCIOBHUSIX
THIPONIOHNKH, BBISIBUIM IOJOXKUTEIBHOE BIIMSHHUE PErYJIATOPOB POCTa HA BCXOXKECTb CEMSIH H
OvoMeTpuYecKre MOKa3aTelH, TAaKUe KaK YBEIMYCHHE JHHEHHBIX pa3MepoB U 0O0beMa KOpPHEBOU
cucTeMbl. Pe3ynpTaThl moKa3biBatoT, 4TO 1%-HbIi KOHLEHTPUPOBAHHBIH PACTBOP HKCTPAKTA MIIECHULIBI
c 6-BAIl mnokaszanm caMyi0 BBICOKYIO CKOPOCTb IPOpAacTaHHs, NEMOHCTPUPYS €ro IOTeHLHal B
KayecTBe 3(QQEKTUBHOrO peryasTopa pocTa CeMsH O3MMOW MIIeHMLBl. B menom, muccienoBaHue
MOAYEPKUBAET BaKHOCTh €CTECTBEHHBIX PETYJISITOPOB POCTA ISl YCTOMYUBOM CEIbCKOXO3SICTBEHHON
MPAaKTUKU W TOTYEPKUBAET cHenn(UUIecKoe BIUSHUE LUTOKMHUHOB Ha NMPOPACTaHHE CEMSH M POCT
pacTeHui.
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